
UNCLASSIFIED

AD NUMBER

AD250248

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 23 Nov
1960. Other requests shall be referred to
Air Force Cambridge Research Labs.,
Bedford, MA.

AUTHORITY

AFCRL ltr, 3 Nov 1971

THIS PAGE IS UNCLASSIFIED



'UNCLASSIFIED

-AD-2 5 0  248

ARLG I-., VIRGINIA

• . I

•'.UNCLA.S" FlE'



THIS DOCUMENT IS BEST

QUALITY AVAILABLE. TIE COPY

FURNSIIED TO DTIC CONTALNED

A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT

jlUPRODUCE LEGIBLY.



NOTION: When govement or other d•raings, speci-
fications or other data are used',-for any purpose
other than in conneoton. with a (6finitely related
goverawnt przouAr-ment opeiation, :'he U. S.
Government thereby incurs no reaponsi'biULty, nor any
obligation whatmoevery and tUe fact that the Oovern-
mnt may have foiilated, f~rnished, or in any wvy
mupplied the said dwingai a peoifioat~c son or other
daUt i not to be regazrdad/by igmication or other-
wie an in any mner 3ic~mqir the holder or,amy
other perso0 or cowporatih, .br conveying any rights
or psmiunion to imofaatu~rei use or sell anw
patented invent1ic that my In am viy be zvlated
ther•to.

/l



'AFCRL.TN-60-1 1:

Resistance as Dissipation into Many
Re ltve Circuits., Landau Dampn

and. kyquist's Nose Thur..

by
*0. lueman

'Tecnical Repor No. 104-4
November 23, 1960

IPREPARED UNDER La
AIR FORCE CONTRACT AF19(604) -540 TIPLR A

ELECTRON oEwnCs WIORATIIIY

2TMSM Clfflfltflfl ILECTRODICSr

.- I



AFCRL-TN-60-1160

RESISTANCE AS DISSIPATION INTO MANY REACTIVE CIRCUITS:

LANDAU DAMPING AND NYQUIST'S NOISE THEOREM

by

0. Buneman

Technical Report No. 104-4
November 23, 1960

Electron Devices Laboratory
Stanford Electronics Laboratories

Stanford University
Stanford, California

Reproduction in whole or in part
is permitted for any purpeea of
the United states Govornment.

Prepared under
Air Forcc Contract AF19(604)-5480

for

Electronics Research Directorate
Air Force Cambridge Research Laboratnries

Air Force Research Division (AHDC)
UNITED STATES AIR FORCE

Bedford, Massachusetts



In general, :B depends on fl. The case of constant B leads to
divergence of the integra; but this simple and interesting case can-be

approximated arbitrarily closely, without loss of convergeneq., by
taking

B = B

,with suff~~iently-large ~.a The integration is effected 'by completing

the path around a large semii-cirele in the upper half-plane and contrac-

ting around .the only pole at _a. mp +_j 1 .- The pole.at -~ n- is ± in

the lower hilf-plane,' by the rules of Laplace transform theory -(Re s > 0).
V The result,

In

0

2 1+-
0'

shows that the effective impedance of our network consists of a resis-
tanceanSn inductan-de -2/iTBf n. Th atrVa~n's-e -in the

limit 114 C.- The simulaton of resistance-by reactive-elements is

thus established. -The conductaxice ¶ith Ai

1 2 2
i+ a .0

and this formula for the conductance is obtained also with more general

forme of B (n) than that assumed here.

3. Applications of the Resistance Model.

Our picture of dissipation assists the understanding of Landau1

L. Lamfd~uu, J. Phys. WuI3R .10, 235(1946).
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damping of distur~barnces with wave numbery.t -;I in'a coll.ision-free plasma;
the electron streams pasibing through the plasma with th~eir continuovusly.,
distributed velocities v provide a cOntiziuoub range of resonance
frequencies fl =kv.

Moreover, Nyquist D noise theorem '.s readily obtairned--from-this-
-reejorant-ojrcuit model of resistan~ce. It they fietwor1 -.shrt at the
Port Of MeabUreqt after having been, In thermal contact with the surý-
rqunrinsech-ica--wj1 be lwCrt osci11ating With energy

frowwhich we dtduoe-

.where G is the tconductance" identified above. This is Nyquiet's
formula.

P. ~ R. 32 11 1q, .
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